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TEMPERATURE-MEDIATED CHANGES IN SEED DORNMANCY AND LIGIHT

REQUIRENMENT
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FOR PENSTEMON PALMERI (SCROPHULARINCEAE)
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ABSTRACT —Penstenon: palmeri s a short-lived perennial herh colonizing disturhed sites i semiarid Dabitats i the

western USAL Inthis study seed was harvested fromsix native and tonr seeded populations during twvo consecntive vears.

In faboratory germination trials at constant 15 C. considerable between-lot variation in prinin dormancey and light

reguirement was observed. Fonrweeks of maist chilling (1 Clinduced secondary dormaney at 15 C. Cold-induced secondany

dormancey was reversed by one week of dark incubation at 30 ¢

*. This warn incubation treatment also reduced the light

reguirenient of inchilled. after-ripened seed. Fluctuations in dormancy and light requirement of buricd seeds lene heen

linked to seasonal changes in soil temperature. Penstemon pabuneri germination responses to temperature appear to he

similar to those of facultative winter annuals.
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Seed dormancy mechanisins - finction to
ensure that germination is postponed mntil con-
ditions are  favorable for seedling  survival
(Fenner 1983). The level of dormaney of an
imbibed seed is dependent upon its dormancey
level priorto imbibition and on the environmmen-
tal conditions to which it has been exposed in
the imbibed state (Bewley and Black 1952).

Chilling, essential for breaking dormaney in
seeds of many temperate species, indnces van-
ing degrees of secondan dormaney in others

(Baskin and Baskin 1953). Conversely. warm
temperatures inercase and diminish dormaney
in other species. These temperature-medi ed
changes in seed dormancey are related to the
season inwhich seeds imdergo germination and
emergence. Tlns, spring and fall germinators
tend to have opposite responses to chilling and
warm-temperatures regimes.

Penstemon palmeri Gray is a short-lived
perennial herb native to the southern half of the
Great Basin and adjoining regions of the west-
e United States (Cronguist et al. 1954). 1t
occurs across a fairly hroad range in elevation
(500-2750 m). colonizing relatively open, carly
successional sites sueh as roadents and washes.
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seed that remain viable for several vears in stor-
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age (Stevens et al. 1951, Nmmerons popula
tions  have  Dbeen  successfully established
throngh artificial sceding on a variety of sites
outside its native range (Stevens and Monsen
195S). This versatility raises gnestions about the
establisliment \tl(lt(""\ of this species. In this
studv the effects of moist chilling and war
incubation on seed gerinability were deter-
mined wnder ((mtm]]( d I 1[)01‘1t(m conditions.
The results are sufticiently clear to permit spec-
ulation about scedbed ((()Iuﬂ'\ and have led to
the ficldwork necessary to ¢ .onlirm the coneli-
sions dravwn herein.

In laboratory trials on P palmeri. Young and
Evans ( nnl)n])]lsh( d data. Great Basin Experi-
mental Range, Ephraim, Utah) demonstr: ated
that frsnnnmtl(m at a constant 15 C was not
sxtrmh(‘mtl\ lower than at anv other constant or
dlt(‘l]l itting te mper: wtnre wtrnm- Cermination
over a 25-dav period was suppre sssed at mean
tempe ratnres below 10 and above 23 €. Allen
and Mever (1990) reporte d similar resnlts ina
study of three Penstemon species and snggested
the p()ssll)lh(\ of cold-indnced secondan dor-
mancy in P palimeri. Field sowing of this species
is lmm”\ carried ont in fate fall and is based on
the dssmnptl(m that a cold treatment is required
to hreak dormaney (Stevens and Monsen 19SS .
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METHODS

Seed Acqnisition

Ripened seeds were harvested from nine pop-
nlations in 1956, Collections were made from
cight of the original and one new population in
[9ST Table Do Fonr of the populations were

from roadside seedings ontside the native ringe of

this species. The genetic origin of the artificially
sceded popualations is imknown. Fach collection
was cleaned nsing standard techmigues and stored
in (‘ll\(“()[)(‘S at 20 C (room temperatnre).

Viability Determination

A estimate of viability for each 1956 collec-
tion was obtained nsing a tetrazolivn chloride
CTZ0 test. Fonr replications of 25 seeds from
cach collection were imbibed overnight. Each
scedwas picrced and placedina 1% TZ solution
at room temperatnre for 24 hours. lmbrvos
were then evalnated for \‘iu])ilit_\ nsing estab-
lished procedures (Grabe 19700

Gibberellic aeid 1GA3) (‘f'ﬂl('ti\'('l} breaks dor-
maney in P palmeri seeds (Young and Evans,
nnpnbhsh( « data. Great Basin Experimental
Range. Ephraim, Utah). Fonrreplications of 25
seeds for cach 1956 collection were imbibed in
250 mg 1! G A5 Germination temperature was
a constant 15 C. Genmination pereentages.
determined alter 21 davs, showed no swmllc.mt
differences between TZ estimates of \m])l]]l\'
and germination pereentages in GAs. Hence,

agermination in GA3 was the onlv measure of

viability cimploved with 1987 seed.
Fxperiment |

Experiment T was started on 1 June 1957,
Mean titne alter hanvest date was approvimately
nine months (Table 1 The experinent was
designed to determine the effect of three ten-
peratire pretreatinents on germination of sced
froin the nine 1956 collections imder two light
reainies. Pretreatiments included: (1) elilling
lor2s davsat 1C2 inenbation for 7 davs at 30
C. 30 chilling for 25 dins at 1 C
menbation for 7 davs at 30 C.oand 4 o pr(:—
treatment. Gernuaination temperatnre and dura-
tion following pretreatment was a constant 15 C
for 21 davs. The light regimes were a 12-hr
])]m[(}])«‘li(u' and constant darkness.

IFaclt pretreatiment ligl

followed In

reagime corubination
was repheated four times Tor eacli of the nine
collections l"wl)]i(‘u(r'\ consisted of 23 seeds

placed on top of two germination blotters in a
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100 > 15-mm petri dish. Blotters were moist-
cned to saturation with deionized water.

Experimental nits assigned the same pretreat-
ment and light regime were randomized in stacks
of 10. A blank dish (blotters but no seeds) was
placed on top of cach stack that wounld receive
licht. ensimring that all seeds would receive lig]lt
through the sides of the dish onhv. Light intensity
inside the dishes was 25 microeinsteins m™ sec”
PAR. Each stack was enclosed in a plastic bag and
loosely scaled with a rubber band to retain mois-
tre and facilitate handling.

During pretreatiment. stacks were placed in
cardboard hoxes, each of which was enclosed in
an additional plastic bag. Alter pretreatment.
stacks assigned the light regime were removed
from their boxes and randomh arranged in the
growth chamber directh beneath flnorescent
lights. The remaining boxes were placed in the
growth chamber and were not opened until the
end of their germination period.

Seeds with radicle extension >1 mm were
connted as germinated. Experience with this
and other penstemon species has shown this to
be a clear indicator of the initiation of seedling
development. A germination percentage was
determined for each replicate (dish). Germina-
tion percentages were arcsine transformed for
statistical am;l]\'x'is 17\1)<>|1'111(=11tz\l results were
subjected to analvsis of variance procedures
appropriate to the completely randomized
desion, Becanse of the collection X treatment
interaction in the analvsis of variance. cach col-
leetion and treatment was analvzed indepen-
dently. Significant differences among treatment
and collection means were determined using
the Student-Nemman-Keal (1SNK) method.

Experiment 11

\ sccond experiment was started on 14 Octo-
(1957 collections
{(Table D). Mean time from harvest was appros-
imately one month. The objective was to deter-
mine the effecet of 30 C (imbibed) on primary
dormaney and light requirement of fresh seed.

ber 1987 using nine fresh

The methods were the same as those used in the
first experiment with three exce ptions: only one
pretreatment was nsed (30 C), the length of the
pretreatment was T4 davs. and the Imlgth of
germination was 25 davs. Light and dark con-
trols onowarm imeubation) were again included.
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Tagre 1. Location and harvest dates for 10 populations (1S collections during two vears of P palmeric All populations are

in Utah except the Momntain Home population in Idaho.

Tan est date

Collection Lat (N) Long 1\ Elevation (m 1956 1987
Snow’s Canvon 37°12° 113939 1080 S/14

Browse g-21)° 113715 1350 $/22 S

Leeds 3770 13e2]r 1050 S5 S

Zion RYMEY 112954 1740 S22 91t

Kolob Road 37716 113706/ 1110 S$/8 913

Utah 11ill 37°08 H13°47 1350 5SS

Monntain Home™ 4257 115°05' 930 513 ST

Mercur Canyon'” 40°25/ 112710 1650 1215 9422

Salt Creek Canyon™ 39°42’ 11145 1740 910 10 10
Nebo Loop® 39°52° 0 2100 1026 1010

“Artificiallv seeded populations from outside the natural range

RESULTS
Experiment [

Four weeks of chilling reduced germination
in light significantly helow the level of controls
for six of tlw nine c()llect]()ns Iable 2). Incuba-
tion at 30 C cansed no significant (-]umwe for
germination in light when compared to the con-
tml When the four-week chill was followed by
one week at 30 C, mean germination percentage
was only slightly lower than that of the control.
Wit indicates that incubation at 30 C effectiv ely
reversed the secondary donnancey induced l)\
chilling. In addition, incubation at 30 C substan-
tially increased the dark germination percent-
age over the dark (onh()l (Table 3). The 30 C
wartn incibation was much less effective in
removing the light requirement when preceded
by chilling.

Germination rate at 15 C was onlv slightly
accelerated by chilling and warn vl
pretreatments (data not shown). Mean germi-
nation for the light control treatment after seven
days was 15%, indicating that most essentially
nondormant  seeds required a conside rable
period of imbibition before germination was
possible. Four weeks of chilling and one week
of warm incubation increased the proportion of
seeds that germinated by day 7 to 24 and 28%.
respectiv (Al\ However. a major fraction of the
seeds still leqlmed more than one week of con-
stant iimbibition at 15 C to germinate.

Ixperiment 11

In the fivst experiment there was aslight trend
in the more dormant lots for germination to be
highcr after warm incubation relative to the
control. The second experiment was condncted
to determine if warm incubation conld break
the primary dormaney of fresh seeds.

Contrary to what was expected for [resh seed,
only two of the nine 1987 collections sh()\\( d
slgmhumt primary dormaney (Table 4 The
increase in germination percentage following
warm incubation was signilicant when com-
pared to the noninenbated light control for ome
of these collections. T the remaining collec-
tions, ncither the light control nor the light.
warmn-incubated germination percentages were
sigmificantly different from total viability esti-
mates determined by germination in GA3.

The variation in dark germination was similar
to that observed in the first experiment with
after-ripened seed (Table ). The effect of warm
incubation on dark germination was not as clear
as in the initial experiment. Germination of the
warm-incubated seeds resulted in a mean net
increase over nonincubated. dark controls of
onlv 11%. Four of the nine collections showed
sigl}iﬁ(‘;mt showed a
decrease.

increases, while  one

IDISCUSSTON

Moist chilling [or fonr weeks caused varving
degrees of secondan dormaney in / /mr'm i

seed collections. Inenbation at 30 C clearly
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Tasla 2. Germmation re sponse of nine alter-ripencd collections of P palieri seed to moist chilling o3 C for 26 days) and

RTINS n[ntl(m S0 ¢ lm. ‘ LLl}s !

Cermination in 250 mg 1

The germination period was for 21 dlays at a constant 15 € with o 12-hr plmtupen(nl
C A3 was nsed as an estimate of total viability Tor cach collection.

R a
Mean germination percentage

Pretreatiment

Collection Control 1C 30 ¢ 1 ¢/300 GA3
Browse 90 41h 92a S6a 9la
Leeds S9a 3S¢ 92a 73h 93
Zion 72 T3a SOa Tla Sla
Kolob Road O3a 63 Y0a SGa 97a
Utah 11l S9a 39D SSa TSa S22
Mountain Homie SSab 631 S9ab Stab 92a
\ercnr Canvon S6h 2l¢ S7h S1h 99
Salt Creek Canvon 5Sh 550 Shab 72b 92
Ncbo Foop Tou 35h Sa SOa SY9a

Means S2l 45d S7h T9¢ 91a
Wathina collection means tollowed by the same letter are not signticanthy ditferent at the p - 05 level (SNK)

broke  cold-induced  secondarny dornmaney in
alter-ripened seed. and there is sone indication
that it can reduce levels of primary dormaney as
well. The warn-induced  reduction in llglnt
requireiient was less prononmeed  for fresh
<wnnp;n'v(| to ;ll'tcr—rip(’ned collections.

The response of P palmeri seeds to moist
chilling and wann incubation parallels those
observed for fall germinators (winter annuals)
(Baskin and Baskin 1985). This is supported by
the Tack of priman dormaney i [reshly har-
vosted secds. Nevertheless. a slﬂmh(.mt1)()1‘tlnn
of the seeds was not induced into secondary
dormaney diving chilling. This snggests that late
winter/early sprimr gennination of some sceds
is Tikelh 1t s of little surprise that recently
Clierge W see «dlings were fomnd in P palneri
populations i botl, spring and  fall. Such
bimodal germination patterns are typical of fac-
nltative winter annmals (Baskin and Baskin
1955 and would be selected for inmpredict-
able habitats where the best season for seedling
survival may differ fronvear to vear (Silvertown
19547 Snch germination patterns would also be
adaptive forspecies that colonize different kinds
of habitats with vaning degrees of threat from
frost and dronght. Both sitnations ocenr within
the range of P palmeri.
Phimmer ot al.
alight regnivement for sermination of P
The

level of active ])h}‘h)('hl'(ﬂﬂ(' in dr seeds and.

Given its small seed size
1965
paluicri is nol sirprising - Fenner 19930,

s‘u])\‘(*(invnt]\' lidht sensitivity is s’tron(f]\‘ intli-

enced by L()mlltmns during ripening (( resswell
and Grime 1981, (yuttvnn.m 1982) and nay

vany considerably among the seeds of a smﬂle
met Silvertown 1954). The P palmeri seeds in
these ¢ xpe riments demonstrated three levels of
response to light, suggesting variable levels of
total or active 1)]1\'1()0[11‘()111(‘ in the seeds. Some
sceds germinated in the dark while others
quncd light, and a few remained dormant
even with |1g]|l. The proportion ol seeds that
could germinate in the dark was inereased by
incubation at 30 C (Table 3).

Light sensitivity can be altered by tempera-
ture shifts dnmw seed imbibition (Toole 1973,
Franklin and Ll\ I(ns()n 19S3). T]n\ may be due
to tenper rature effeets on the pm(luctmn
(l(’stm( tion. or dark reversion of phytochrome.

Temperature shifts imav also alter other factors
associated  with ])ll\tu(]n()mv action,  thus
resulting i an increase or deerease in light
sensitivity, Hendricks and Tavlorson (197S) sng-
Ues‘tv(] that temperatare clfeets on p])\'t()-
chrome action in seeds imay be due to changes
in membrane Toidite, Ttis ]Il\(‘]\ that the effects
of temperature on llg])t sensitivity in seeds are a
result ofmore than one process acting in concert.

\licht reqgnirement may help determine
scason ol germination lor buried P palmeri
seeds, Habitats with ade qrate winter snows pro-
vide enongh moisture for spring germination of’
surlace seed. Long periods (S-16 weeks) off
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TaLe 3. The effect of chilling (1 C for 25 davs). warm incubation (30 C for 7 davsand chilling {ollowcd by warm
ln(ulmtmn on the light requirenment of nine after-ripened collections of P palmeri. The germination te mperature was 15 €

Germination Iwrwntugv“

Light Dark

Collection Control Control 1C 30 1 C30¢
Browse 90a 56¢ 32d 75h i
Leeds S9a 15¢ 16 65h 13d
Zions T2 37¢ 35¢ 55b RATS
Kolob Road 95a 49¢ 3¢ b RETS
Utah Hill S9a A41h 23l TOa 33h
Monntain Home SSa 54 590 STa 63ab
Mercur Canyon S6a 12h G S3a 35h
Salt Creek Camon 55 261 34b T6a 16ah
Nebo Loop 75a 12¢ Se 6la 35D

Means S2a e e 72b 34d

Within a collechion, means tollowed by the same letter are not siomheanth different at the pp - 03 level S\K

Tk 4 Primary donnaney. light requirement. and the effect of warnn incubation (14 days at 30 € on the gernnmation
of nine [resh collections of P Ihlhll(’l'l seed. Thlc germination period was 28 davs at 13 C. Light treatments received w 12-hr
photoperiod. Germination in GA3 (250 mg L) was used as a measure ol viability for cach collection.

Germination percentage’

Control 30 C pretreatment

Collection Light Dark Light Dark (G
Suow’s Canvon 94a 31b S3a 34b 97Ta
Browse SGa D56 St 53h 93a
Leeds 92 35D 9la 51 92a
Zions T0a 3sh T2 RETE Tl
Koloh Road S3a 30D SSa 17h S7a
Mountain Home 96a 56D STa 66l Yt
Merenr Canvon S7a 3sh STa T6a HAN
Salt Creek Canvon T7be 15d SGI 67¢ 98
Nebo Loop 55b 16¢ Tl 40b Sta

Means S2b 37d S3b 45¢ H0a
Withn a collection, means tollowed by the same etter are not snnficanthy diflerent at the p= 03 lesel SNK
moist chilling reduce the time needed for ger- Buried seeds with a light requirement are fune-

mination to occur, thus increasing the chances tionally dormnt and wonld contribute to the
of spring-germination and seedling establish- seed bank. Apparently. chilling does not reduee
ment from seeds not induced into secondary the light requirement in P2 }m[nu i seeds. while
dormaney (Kitchen and Mever, unpublishe sd wann incubation eliminates it in a significant
(tha on ﬁl(* at the Shrub Scicnces Laboraton,  fraction ol the seeds (Table 3). This suggests thal
Provo. Utah). Rapid drving of the soil surface  buried seeds may be more like I\ to germinate in
would make the g(’l']lli;lalti()]] of surface seeds — the fall alter experiencing sufficient warm incu-
following summer or antunm rains less likel.  bation to eliminate their light requirement.
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\\'ln'l]n-r('ln'n‘nt—'\(*url’. })(I[III(’)‘i seeds germi-
nate in the fall or spring may depend as much
on time of seed dispersal as temperature and
moisture conditions that follow. The collection
dates for each 1)01)11];1“()11 (Table 1) and field
observations regarding the timing of frit dehis-
cence suggest that populations from areas with
milder winters (Jower elevations) tend to ripen
and disperse seed during late snmmer. At higher
clevations where U)l(l\\(ulth( srwonld ocenr ear-
licr, sced ripening and dispersal are delaved.

[abitats with mild winters and unpredictable
spring moisture seem to favor early dispersal
and fall germination. Such sites select for the
maintenance of a seed bank becanse extended
periods of dronght are typical and conditions for
successiul establishiment mav not be met for
many vears. Cold-indneed secondan dor mancy
and hurial of light-requiring seeds should facil-
itate the l)lllldu y of this soil sced reserve. In
habitats with more severe winter eonditions dis-
persal is retarded and spring germination of a
portion of the seeds is hoth 1)1()l)ablv and less
riskv. The preservation of aseed reserve throngh
cold-indnced dornancy may also be important
in these more mesic habitats.

Penstemon palimeri appears to be adapted for
establishiment in avariety of habitats. Two phe-
nomena are important in this success. First,
individual sceds seem to be capable of respond-
ing .11)1)|()pn‘1t( ]\ to different environmental
\tlll]ll]] Second,  vari ability in - germination
response among sceds within a P"P”] tion is
et ofbe e dging strategy increasing
the chances for succe sslul establishment across
a range of variabe and unpredictable environ-
ments. Habitat-related  between-population
variation in germination timing mechanisims
appears to be |'(‘]zlli\'("l)‘ unimportant.
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